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EXTRACTION OF THYMIDINE AND OTHER
NUCLEOSIDES

FIELD OF THE INVENTION

The present invention relates to enzymatic extraction
of nucleosides, such as thymidine, from a biomass.

BACKGROUND OF THE INVENTION

Thymidine 1s the key component of azidothymidine,
which is believed to be an effective treatment of Ac-
quired Immune Deficiency Syndrome (A1DS). Thymi-
dine 1s obtained currently by synthetic technology.
However, the cost of extraction is typically greater than
the value of the synthetic thymidine obtained. Particu-
larly, the synthetic technology which is utilized to ob-
tain thymidine requires an expensive multiple step reac-
tion process that yields relatively low quantities of thy-
midine.

It 1s an object of the present invention to overcome
the inefficiencies of synthetic nucleoside production
and provide an abundant and cost-effective source of
thymidine. |

SUMMARY OF THE INVENTION

The present invention relates to the enzymatic extrac-
tion of nucleosides from a biomass. In conducting the
extraction process of the present invention, a biomass is
treated and then incubated for a time and at a tempera-
ture which 1s sufficient to cause indigenous enzymes to
provide one or more nucleosides. The biomass is treated
by being ground and introduced into a medium (e.g., an
aqueous medium) which contains a dissolved activator
that stimulates the indigenous enzymes to extract or
provide one or more nucleosides. The incubation pro-

cess results 1n a crude hiquor which contains a dilute, yet .

stable, solution of a nucleoside. The nucleoside may be
removed or separated from the crude liquor by at least
one of the following operations: removal of insolubles,
solvent extraction, ionization, chromatographic separa-
tion, evaporation and crystallization.

In a key aspect of the present invention, thymidine is
enzymatically extracted from barley malt sprouts. In
this aspect of the invention, enzymes which are indige-
nous to the barley malt sprouts may be incubated to
extract high yields of thymidine without significant
formation of thymine, which i1s a degradation by-pro-
duct of thymidine and is not desirable. The concentra-
tion of the extracted thymidine may be increased by
recycling the product of the enzymatic extraction into a
subsequent extraction process. Moreover, certain hy-
drolytic enzymes which can hydrolyze impurities from
the extraction process may be used as processing aids to
enhance the effectiveness of the thymidine recovery.

Although the present invention is described 1n terms
of production of the nucleoside thymidine, other useful
nucleosides, such as, cytidine, deoxy-guanosine, guano-
sine, uridine, etc., may be extracted and recovered indi-
vidually and/or simultaneously with thymidine.

Other advantages and capabilities of the process of
the invention will be apparent from the following de-
scription.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1—is a schematic block diagram of the process
of the invention.
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2

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

In practicing the present invention, nucleosides are
extracted enzymatically from a biomass. Nucleosides
which may be extracted by practicing the invention
comprise at least one member of the following group:
adenosine, cytidine, deoxy-guanosine, guanosine, thy-
midine, uridine, etc. A biomass of the type which can be
used for practicing the invention comprises at least one
member of the following group: barley malt hulls and
sprouts, bean sprouts, alfalfa sprouts, brewer’s yeast,
sigma-Torula yeast, I.ake States-Torula yeast, sigma-E.
coli, sigma-yeast autolysate, Pseudomonas syringae, etc.
The biomass is comminuted or ground to obtain a par-
ticulate biomass, preferably ranging from about 100
through about 200 mesh (U.S. standard mesh size). Al-
though a particulate biomass mesh size ranging from
about 100 through about 200 is preferred for certain
aspects of the present invention, a biomass particle size
of about 60 mesh may also be used and produce satisfac-
tory results.

The particles of biomass are contacted (e.g., blended,
sprayed, etc.) with a suitable medium to form a disper-
sion. The dispersion may comprise from about 5%
through about 149 by weight biomass particles or
solids. A suitable medium may be an aqueous medium
(e.g., distilled or tap water) which may also include an
activator to stimulate indigenous biomass enzymes ex-
tract one or more nucieosides. A suitable activator typi-
cally comprises a metallic salt (e.g., chlorides and sul-
fates of magnesium, calcium, and zinc). The quantity of
the activator which may be used should be sufficient to
stimulate indigenous enzymes within the biomass to
extract at least one nucleoside. In some aspects of the
invention, it may be desirable to use two or more activa-
tors in conjunction. When thymidine is the desired nu-
cleoside, the concentration of the activator ranges from
about 1.0 to 10 millimolar for magnesium and calcium,
and from about 0.1 to 1.0 millimolar for zinc.

The pH during the process may be maintained or
modified by introducing one or more acids, bases and-
/or buffers to the biomass dispersion. For example,
acids such as H>SQ4, HCI, etc., bases such as- NaOH,
KOH, CaOH, etc., and/or buffers such as glycine so-
dium citrate, sodium phosphate, etc., may be introduced
into the biomass to maintain or modify the pH. Al-
though, in certain aspects of the invention it may be
advantageous to maintain the pH of the biomass within
the range of from about 5 to 9, the same 1s not critical
for effective operation of the present invention.

In a key embodiment of the invention, a biomass
comprising barley malt sprouts and/or barley malt hulls
is used as the biomass source to obtain thymidine. Bar-
ley malt sprouts are readily available worldwide as an
inexpensive by-product of a brewer’s malting process
which typically contains a relatively high quantity of
extractable thymidine. The ability of the process to use
an inexpensive biomass comprising barley malt sprouts
permits production of thymidine in a more cost-effec-
tive manner. According to the invention, thymidine can
be enzymatically extracted from barley malit sprouts
without substantial thymine production. Particularly, it
is believed that barley malt sprouts lack significant
enough quantities of the indigenous enzymes which are
capable of degrading thymidine mto thymine.

Moreover, without wishing to be bound by any the-
ory or explaination, it 1s believed that the nucleosides of
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the present invention are extracted from the biomass as

a result of enzymatic hydrolysis of deoxyribonucleic
acid (DNA) and nibonucleic acid (RNA). The DNA
and RNA within the biomass may be present as a bio-
logical polymer comprising nucleosides (e.g., phosphor- 5
ylated nucleosides). The enzyme, nucleases, may be
used to convert the DNA and RNA into nucleotides.
The nucieotides may be exposed to the enzyme, phos-
phatases, to cleave phosphate from the nucleotides to
form the desired nucleoside (e.g., cytidine, thymidine, 10
uridine, etc.). Further enzymatic action may remove the
ribose sugar molecule from the nucleoside to yield nu-
cleic acid bases (e.g., thymine, uracil, cytosine, adenine,
guanine, etc). However, removal of the ribose sugar
molecule is typically not desirable for production of the 15
nucleoside thymidine because removal of the ribose
sugar molecule from thymidine forms thymine which 1s

an undesired degradation by-product. Moreover, the
enzymes which hydrolyize the DNA and RNA of the
biomass to extract the desired nucleoside are indigenous 20
to the biomass.

In another embodiment of the present invention, a
hydrolytic enzyme which is not typically indigen-
ous to the biomass may be introduced into the
biomass dispersion, or mixture, as a processing aid. 25
Suitable hydrolytic enzymes may comprise at least one
member of the following group: cellulase, glucanase,
hemicellulase, pectinase, 5'-phosphodiesterase, lyso-
zyme, acid phosphates, etc. Although the present inven-
tion may be practiced without using a hydrolytic en- 30
zyme, hydrolytic enzymes may serve as an effective
processing aid by reducing the viscosity of the biomass
dispersion (e.g., by promoting hydrolysis of impurities).

A reduced viscosity may enhance the ease with which
the invention is practiced, thereby increasing the quan- 35
tity and quality of the nucleoside recovered. The
amount of a hydrolytic enzyme which can be intro-
duced to the biomass dispersion can range from about
0.1 to 1.0% by wt. Preferably, the hydrolytic enzyme
will range from about 0.02 t0 0.1% by wit. 40

The biomass dispersion (i.e., an aqueous dispersion
including an activator and a hydrolytic enzyme) is in-
troduced into a heating means to incubate and thereby
to induce enzymatic extraction of one or more nucleo-
sides. An externally heated, heat-resistant and sealable 45
container or kettle is a preferred heating means. How-
ever, any heating means is acceptable which allows
production of a crude liquor comprising a stable solu-
tion of one or more of the desired nucleosides. The
temperature of the heating means is increased to incu- 50
bate the biomass dispersion. An incubation temperature
ranging from about 40° C. through about 60" C. is pre-
ferred for production of thymidine; however, the par-
ticular temperature which is used may be a function of
the process conditions (e.g., pressure, time, etc.) and the 55
particular nucleoside desired. In certain aspects of the
invention, the dispersion within the heating means may
be agitated, i.e., extraction of the nucleosides may be
enhanced by a gentle agitation of the biomass disper-
sion. Gentle agitation tends to prevent settling of insolu- 60
ble solids during the enzymatic extraction. The disper-
sion may be stirred mechanically, vibrated, or agitated
via any technique which does not adversely affect the
incubation of the biomass dispersion. Upon completion
of the incubation period a crude liquor which comprises 65
a stable nucleoside is obtained.

It is to be noted that the pressure which is used during
incubation to obtain the crude liquor may range from
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sub- to super-atmospheric. When the desired nucleoside
is thymidine, it is preferable that incubation be con-
ducted at atmospheric pressure. While practicing the
invention, a fluid pressure or a vacuum may be applied
to the biomass to enhance the rate of nucleoside produc-
tion or the quality of nucleoside produced (e.g., a pres-
sure may be applied to a liquid to transport the same
within a conduit between processing apparatus Or sta-
tions).

After the biomass is incubated for a time sufficient to
produce the crude liquor comprising the desired nucle-
oside, the liquor may be filtered to remove a portion of
the impurities (e.g., insoluble constituents, large molec-
ular weight materials, etc.). Suitable filtering means
include a centrifuge, filter press, rotary vacuum filter,
precipitator, an ultrafiltration unit, etc. In certain as-
pects of the present invention, the quantity of nucleo-
side recovered may be increased by washing the re-
moved impurities.

In one aspect of the invention, a portion or more of
the filtered liquor may be recycled to the biomass dis-
persion, for example, prior to incubation. When using
dry ground barley malt sprouts as a starting material to
produce thymidine, the sprouts tend to absorb water
from the aqueous biomass dispersion. The filtered hquor
discussed above, may be recycled and admixed with the

“make-up water to form the starting aqueous bariey malt

sprout dispersion. Water which is present in the recy-
cled filtered liquor will usually be absorbed when ex-
posed to the dry, milled barley malt sprouts. To the
extent that water from the recycled filtered liquor is
absorbed, the concentration of the thymidine within the
liquid phase of the biomass dispersion can effectively be
increased. The filtered liquor may be recycled a plural-
ity of times (e.g., 5 or more) which can increase the
concentration of thymidine because the liquor can con-
tain enzymes which enhance the rate, quality and/or
quantity of thymidine that is produced during incuba-
tion of the biomass dispersion.

According to another aspect of the invention, the
liquor (filtered or unfiltered) after incubation may be
stored, transported, etc., without immediately segregat-
ing; i.e., separating the nucleoside which has been
formed. For example, the crude liquor (i.e., unfiltered)
may be shipped to another manufacturing facility for
nucleoside separation, or the liquor may be used as a
raw material in a divergent operation. The process of
the invention may be practiced in a batch or continuous
manner.

In any event, the filtered liquor may be processed
further to purify the liquor. For example, at least a
portion of at least one constituent of the liquid phase
within the filtered liquor may be removed by a solvent
extraction process (e.g., the constituents of the liquid
phase may comprise water, nucleoside, sugars, proteins,
solvents, etc.). At least a portion of at least one constitu-
ent of the liquid phase may be removed from the filtered
liguor by exposing the filtered liquor to a substrate that
houses or supports a material which is capable of ad-
sorbing, desorbing, etc., the desired constituent to be
removed. Any purification process may be employed to
remove a constituent of the liquid phase from the fil-
tered liquor which does not adversely affect the nucleo-
side therein.

According to another aspect of the invention, the
pKa of thymidine (e.g., about 9), which 1s the highest of
all nucleosides, may enhance the ability of thymidine to
be separated from the filtered liquor by solvent extrac-
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tion. The pH of the filtered liguor may be adjusted to a
value which 1s less than the pH at which thymidine
ionizes but is greater than the pH at which any other
nucleosides that are present ionize (i.e., the undesired
nucleosides are in an ionized state). Afterwards, the
undesired or ionized nucleoside may be separated from
thymidine in the filtered liquor by passing the filtered
liquor through an appropriate ion exchange material
(e.g., an ion exchange resin). Best results are achieved
by proper selection of conditions which segregate the
nucleosides based upon their respective pKa values.

In a specific key aspect of the invention, the filtered
liquor comprising thymidine as the nucleoside may be
purified by a solvent extraction process. This aspect of
the present invention is particularly advantageous since
the extraction product or purified thymidine liquor does
not contain thymine which is a decomposition product
of thymidine (i.e., the presence of thymine is not de-
sired). The presence of thymine, however may be an
indicator to determine whether the thymidine extrac-

tion and/or separation processes are operating effec-

tively (e.g., the presence of thymine may dictate alter-
ing at least one process condition). In addition to pro-
duction of the purified thymidine liquor, the solvent
extraction process can also provide one or more desir-
able by-products, i.e., the solvent may contain other
nucleosides such as cytidine, deoxy-guanosine, guano-
sine, uridine, etc.

The nucleosides within the extraction product or
purified liquor may be separated from each other and
recovered individually, for example, with a liquid chro-
matographic separator which will fractionate the nu-
cleosides for recovery by any convenient means. In the
case of a purified liguor comprising thymidine, a chro-
matographic separator is particularly preferred to frac-
tionate and recover liquid thymidine; however, any
suitable nucleoside separation process is acceptable
which provides useful quantities of the desired nucleo-
side.

The hquid nucleoside (e.g., ligquid thymidine) may be
transported t0 a concentrator means, such as, for exam-
ple, an evaporator, to remove a significant portion of
the non-nucleoside constituents of the liquid phase,
thereby concentrating the remaining nucleoside. The
evaporated liquid may be released and/or recycled into
the nucleoside production process at any appropriate
location (e.g., the evaporated liquid may be condensed
and admixed with the dry barley malt sprouts which
form the biomass dispersion). |

For certain end-use applications, the nucleoside can
be crystallized from the concentrated liquid phase and
optionally dried.

Referring now to the drawing, FIG. 1 shows barley
malt sprouts being fed to a dry mill 11, where they are
ground to finer than 60 mesh, and normally 100 to 200
mesh (U.S. standard series mesh size). The ground
sprouts 1n line 12 are admixed with an aqueous medium
containing low levels of an activator (e.g., a metallic
salt), and optionally, with recycled filtered liquor from
Iine 17 to form a dispersion or mixture. Hydrolytic
enzymes (e.g., pectinase, cellulase, hemicellulase, gluca-
nase, etc.) may be added as processing aids to reduce the
viscosity of the dispersion of barley malt sprouts,
thereby allowing easier recovery of any thymidine in
line 14. The resulting dispersion is heated and held at
about 40° to 60° C. within kettle 15. The dispersion
within kettle 15 is gently stirred continuously during the
incubation period. The product which comprises crude
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liquor 1s then filtered in filter 16, and, as discussed
above, some of the filtered liquor may be recycled or
returned to feed line 12 by recycle line 17. Large molec-
ular weight impurities are removed by filter 16 which
can be either an ultrafiltration unit or a precipitator
(e.g., to perform selective precipitation). The filtered
liguor is sent to a solvent extraction unit or a unit con-
taining an adsorption/desorption material on a suitable
support 1n 18. A by-product of the solvent extraction
process 1s removed from unit 18 by means of line 20.
The resultant solvent extraction product from the fil-
tered liquor yields thymidine and normally also con-
tains other nucleosides, including cytidine, uridine,
deoxy-guanosine and guanosine. The solvent extraction
product on purified liquor is then sent via line 21 to a
liquid chromatographic separator 22 to fractionate the
nucleosides to obtain liquid thymidine. The liquid thy-
midine 1s then sent via line 23 to an evaporator 24 to
concentrate the liquid thymidine. Evaporated liquid
from the concentrated thymidine is removed from
evaporator 24 via line 285. The concentrated thymidine
is fed via line 26 to a crystallization unit 27. The crystal-
line thymidine is fed via line 28 to a dryer 29 and subse-
quently to packaging.

Certain aspects of the present invention are demon-
strated further by the following Examples which are
provided to illustrate and not limit the potential range of
equivalents.

In the following Examples, with the exception of the
barley malt sprouts and water, reagent grade materials
were used.

EXAMPLE 1

Barley malt sprouts, supplied by Busch Agricultural
Resources, Manitowac, Wis., were ground to about
60-100 mesh in a Fritz dry mill. Two aqueous biomass
dispersions each containing about 5% by weight and
about 12.5% by weight of solid ground sprouts were
prepared by admixing tap water with the ground
sprouts until a total volume of about 3 liters was ob-
tained. Magnesium chloride to about 5 mM, calcium
chlonde to about 5 mM, zinc chloride to about 0.5 mM,
pectinase to about 0.1% (v/v), cellulase to about 0.1%
(v/v), and hemicellulase to about 0.2% (w/v) were
poured 1nto the dispersions. The dispersions were incu-
bated at about 60° C. for about 12 hours in a 4-liter
stainless steel pot, which was covered with a lid, with
no stirring. The incubated biomass dispersion was fil-
tered by pouring the biomass through a Buchner funnel.
The filtrate was collected and mixed with tap water to
form a second biomass dispersion which was incubated
in the manner discussed above. The filtrate was again
incubated and recycled through a total of five succesive
thymidine extraction processes. The filtrate from the
first and succeeding incubation extractions was ana-
lyzed and the results are reported in Table 1 below.

TABLE 1
Thymidine g/liter
5% solids 12.5% solids
Ist Extraction 0.061 0.133
2nd Extraction 0.114 0.271
3rd Extraction 0.145 0.488
4th Extraction 0.174 —_
5th Extraction 0.200 —

The analyses in Table 1 were performed by cooling
the filtrate, followed by HPL.C (high pressure liguid
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chromatography). A review of Table 1 illustrates that
recycling a filtrate containing thymidine increases the
concentration of thymidine in the final extraction prod-
uct.

EXAMPLE 2

Barley mait sprouts, supplied by Busch Agricultural
Resources, Manitowac, Wis.,, were ground to about
100-200 mesh with a Fitz dry mill. Seven (7) individual
aqueous dispersions each containing about 5% by 10
weight of the solid ground sprouts were prepared. Indi-
vidual samples were buffered, respectively, to a pH of
about 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0. The buffers
were sodium citrate 100 mM at pH=4.0, 5.0 and 6.0;
sodium phosphate at pH 7.0 and 8.0; and glycine at pH 15
9.0 and 10.0. Magnesium and calcium chloride were
added to 5.0 mM and zinc chloride to 0.5 mM in all
cases. One series of thymidine extraction or incubation
runs was conducted substantially in accordance with
Example 1 with the addition of cellulase about 0.1% 1p
(v/v), hemicellulase about 0.029% (v/v) and pectinase
about 0.1% (v/v). Another series of thymidine extrac-
tion runs was conducted substantially in accordance
with Example 1 without the addition of hydrolytic
enzymes. The runs were all performed in a 4-liter stain- 55
less steel pot at about 60° C. with no stirring. The
w/w% thymidine extracted, respectively, after about
20, 30 50 and 70 hours was determined and 1is listed
below in Table 2 as a function of the pH which was

utilized. 10
TABLE 2
W/ W 9% Thymidine Extracted
pH 20 Hrs. 30 Hrs. 50 Hrs. 70 Hrs.
4.0 0.05 0.060 0.06 0.06
5.0 0.10 0.12 0.12 0.12 33
6.0 0.11 0.13 0.14 0.145
7.0 0.11 0.12 0.i2 0.12
8.0 0.10 0.115 0.115 0.115
9.0 (.11 0.125 0.135 0.14
10.0 0.04 0.045 0.055 0.06
No Buffer 0.11 0.13 0.14 0.145 40

Table 3 reports the results which were obtained when
no added hydrolytic enzymes were utilized to extract

thymidine. 45
TABLE 3
W/W % Thymidine Extracted
pH 20 Hrs. 30 Hurs. 50 Hirs. 70 Hrs.
4.0 0.035 0.035 0.04 0.035
3.0 0.10 0.105 0.1] C.14 50
6.0 0.12. 0.125 0.13 0.13
7.0 0.115 0.135 0.14 0.14
8.0 0.105 0.105 0.165 0.10
9.0 0.125 0.13 0.13 0.135
10.0 0.025 — 0.03 0.04
No Buffer 0.115 0.14 0.145 0.14 55

A review of Tables 2 and 3 illustrates that it is advan-

tageous to maintain the pH of the extraction process
between about 5 to about 9. Although a buffer may be
desirable in certain aspects of the invention, a review of 60
Tables 2 and 3 illustrates that acceptable results may be
achieved without a buffer.

EXAMPLE 3

Barley malt sprouts, supplied by Busch Agricultural 65
Resources, Manitowoc, Wis., were ground to about
60-200 mesh with a Fitz dry mill. Two aqueous disper-
sions containing about 12.5% by weight of the solid

8

ground sprouts were prepared. Both of the aqueous
dispersions contained magnesium chloride and calcium
chionide to about 5.0 mM, zinc chloride to about 0.5
mM, pectinase to about 0.1% (v/v), cellulase to about
0.1% (v/v), and hemicellulase to about 0.02% (w/v).
One of the dispersions contained about 0.2% (w/w)
phosphodiesterase and the other dispersion did not. The
results of the initial thymidine extraction and extraction
after 10, 20 and 30 hours are reported in Table 4. The
thymidine was obtained substantially in accordance
with the extraction process illustrated in Example 1.

TABLE 4

W/W % Thymidmne
(10 (20 (30
Initial " Hrs) Hrs)  Hrs)

0.035 0.105 0.11 0.11
0.035 0.105 0.11 0.11

With Phosphodiesterase
Without Phosphodiesterase

A review of Table 4 illustrates that the hydrolytic
enzymes, such as phosphodiesterase, are not required to
produce useful quantities of thymidine. However, the
hydrolytic enzymes may be utilized to enhance thymi-
dine production by reducing the viscosity of the barley
malt dispersion without significantly affecting the resul-
tant thymidine. Specifically, hydrolytic enzymes which
substantially only hydrolyze impurities present in the
imcubation extraction process may serve to enhance the
handling or recovery of the thymidine.

Although a few exemplary embodiments of the pres-
ent invention have been described above in detail, those
skilled in this art will readily appreciate that the present
invention embraces many combinations and variations
other than those exemplified.

What is claimed is:

1. An enzymatic process comprising grinding barley
malt sprouts to finer than about 60 mesh, suspending the
ground sprouts in water to a solids content of 3 to 15
weight percent, adding 1.0 to 10 mM magnesium salt,
1.0 to 10 mM calcium salt, 0.1 to 1 mM zinc salt, to the
dispersion, holding the dispersion at 40° to 60° C. for 12
to 70 hours, and recovering at least one of thymidine,
cytidine, uridine, guanosine or deoxy-guanosine from
the product.

2. The process of claim 1 wherein one or more of
cellulase, hemicellulase, pectinase, glucanose or phos-
phodiesterase i1s added to the suspension of ground
sprouts being held at 40° to 60° C.

3. The process of claim 2 wherein the product is
filtered to remove suspended solids and at least part of
the filtrate recycled to and used as process water for the
dispersion of ground sprouts being heated.

4. The process of claim 3 wherein the filtrate from the
filtration step is treated by a liquid chromatographic
separation to recover thymidine from the other nucleo-
sides.

S. The process of claim 4 wherein the thymidine
containing product from the chromatographic separa-
tion step is concentrated by evaporation.

6. The process of claim § wherein the thymidine from
the evaporation-concentration step is recovered by
crystallization.

7. The process of claim 6 wherein the product from
the filtration step 1s separated by solvent extraction.

8. The process of claim 7 wherein the product from

the filtration step 1s separated by absorption/desorption.
¥ * % * *
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